Introduction 1
Bariatric surgery is an effective weight-loss intervention for morbidly obese patients, and also 2 a successful treatment for comorbidities such as type 2 diabetes mellitus 1 . A higher level of 3 physical activity after surgery has been associated with additional weight loss [2] [3] [4] . There is 4 currently limited information on patterns of physical activity in bariatric surgery patients. 5
One review suggested that physical activity tended to increase after surgery, although 6 considerable variation in results was observed 4 . This was partly attributed to the 7 heterogeneity in measurement tools across the studies included, most of which relied on self-8 reported methods for assessing physical activity. It is notable that more recent studies [5] [6] [7] have 9
included objective methods which may provide more accurate estimates of changes in 10 physical activity . 11 In addition to weight loss, several studies have reported positive changes in physical function 12 outcomes after surgery, such as cardiovascular endurance and muscular fitness 5, [8] [9] [10] . 13
These functional abilities are important for enabling individuals to carry out activities of daily 14 living such as housework, childcare, lifting and carrying heavy objects, walking up hills or 15 stairs. A recent narrative review suggested that physical function improves after bariatric 16 surgery 11 , but it remains unclear whether the improvements are a direct consequence of 17 weight loss, or whether physical activity leads to superior outcomes, over and above the 18 weight loss associated with surgery. 19
Given the rapidly-growing literature in physical activity for bariatric surgery patients, a 20 comprehensive and up-to-date review of the evidence is due. This review, therefore, aims to 21 assess pre to post-operative changes in physical activity behaviour and physical function 22 outcomes among obese adults receiving bariatric surgery. 23 24 25 Methods 1
Eligibility criteria 2
Studies were included if they involved at least 10 adults (aged ≥18 years) undergoing weight-3 loss surgery, reported prospective assessments of physical activity or physical function pre-4 surgery and at three or more months post-surgery. Published and unpublished studies were 5 searched and no language restrictions were imposed. Physical activity measures included 6 self-reported and objective methods (e.g. accelerometer, pedometer). Measures of physical 7 function included tests of cardiovascular endurance (e.g. treadmill/cycle ergometer stress 8 tests, timed walking tests), musculoskeletal fitness (e.g. timed up-and go, 1-rep repetition 9 maximum tests) and self-report (e.g. physical functioning scale of the Short-Form Health 10
Survey; SF-36). Studies were excluded if they only reported measurements at one time point 11 (i.e. only pre-surgery or only post-surgery), or only assessed anthropometric outcomes, gait 12 biomechanics, cardiac or respiratory muscle function. 13
Search methods 14
The search strategy was developed for Medline with advice from an information specialist. 15
The following electronic databases were searched from their respective inceptions: Medline, 16
SPORTDiscus, Cinahl, EMBASE, Cochrane Library, SCIRUS and OpenGrey (an 17 unpublished literature source). Search terms included MeSH headings and key words based 18 on bariatric surgery (e.g. bariatric surgery, gastric bypass, gastric band), physical activity/ 19 physical function (e.g. exercise, physical activity, physical fitness, muscle strength) and were 20 modified for each individual database. In addition to searching databases, the reference lists 21 of all included papers and relevant review articles were scanned for further eligible studies 12 . 22 The citation tracking service within Web of Science was also used for all papers meeting the 23 review criteria in order to identify papers published subsequently that may be eligible for 24
inclusion. Finally, five experts in the field of exercise and obesity were contacted to ask for 1 any further published or unpublished studies. Studies were included up until July 2015. 2
Study selection 3
The titles and abstracts of all items identified through the electronic searches were screened 4 for potential eligibility by the primary author (LH) and a random 25% of items were screened 5 independently by a second reviewer (CS) to check for consistency. A kappa score of 0.93 6 was achieved. Full versions were read by two reviewers (100% by the primary author [LH] 7 and 50% each by two further reviewers [CS, PC]) who independently applied the selection 8 criteria and recorded the decisions on a standardised form. The three reviewers met to discuss 9 any disagreements to reach a consensus. 10
Data extraction 11
A data extraction form was developed and piloted. Details on study design, participants, 12 outcome measures, and results were recorded. The primary researcher (LH) reviewed and 13 extracted 100% of the data and two reviewers independently reviewed and extracted 50% 14 each (CS, PC). Any disagreements regarding data extraction were discussed until consensus 15 reached. In eight cases study authors were contacted in an attempt to obtain any missing 16 information. 17
Data analysis 18
All included studies were summarised descriptively in tables. Meta-analyses were conducted 19 using Review Manager version 5.3 for Windows, for outcomes where mean and standard 20 deviation (SD) data were available, or could be obtained, from at least four studies. Post-21 surgery assessments mostly aligned with one of two time points: 3-6 months, and 12 months. 22
To allow for the use of different measures across studies for some outcomes, pre-post 23 changes were calculated as a standardised mean difference (SMD) using Hedges' (adjusted) g, 24 which includes a correction for sample size bias. Studies were combined using a random-1 effects model. Statistical heterogeneity was assessed by the I 2 test 13 . 2
Results 3

Study characteristics 4
After removing duplicates, 990 articles had been identified by the search; 50 studies met the 5 inclusion criteria for the review and 26 papers reported data to be included in the meta-6 analysis ( Figure 1 ). The majority of studies were performed in the United States 5, 7, 14-32 , with 7 five conducted in the Netherlands [33] [34] [35] [36] [37] and four in Brazil 9, [38] [39] [40] . The types of bariatric surgery 8 received by participants varied between studies, but the two main surgery types were Roux-9 en-y gastric bypass (29 studies) 9, 14, 16-25, 27, 29-32, 34, 38-48 and gastric banding (8 studies) 33, 35-37, 10 49-52 . Fourteen studies reported a physical activity outcome 7, 14, 15, 17, 23, 25, 35-37, 41, 42, 46, 53, 54 , 30 11 reported a physical function outcome 8-10, 18-21, 24, 26-34, 38-40, 43, 44, 48, 50-52, 55-58 and six reported 12 both physical function and physical activity data 5, 16, 22, 45, 47, 49 . Included studies are described 13
in Tables 1 (physical activity outcomes) and 2 (physical function outcomes). 14
Physical activity outcomes 15
Seventeen studies employed self-reported measures of physical activity, with seven reporting 16 increased activity at 3-6 months, and 11 at 12 months ( Table 1 ). All but one study 17 accelerometers and two used pedometers).
Step count data indicated an average increase of 24 between 1225-2749 daily steps 5, 22, 49 , but accelerometer results suggested little change at 1 either 3-6 months or 12 months 7, 15, 23, 41 . 2
Physical function outcomes 3
All studies assessing cardiovascular endurance outcomes reported improvements post-surgery 4 ( Table 2 ). These included 20 tests of walking performance (treadmill exercise test, fastest 5 possible walking speed, walking speed, walking minutes per week, 6 minute walk test (6 6 MWT), 4-metre walk time, walking energy expenditure) 9, 16, 22, 24, 26-31, 34, 38-40, 45, 47, 50, 51, 56, 7 57 and two of cycle ergometer endurance 55, 58 . Meta-analysis based on 11 studies showed an 8 increase in walking performance at 3-6 months (SMD: 0.82; 95% CI: 0.57 to 1.06), with a 9 heterogeneity score of I 2 =43% (Figure 2 ). At 12 months, analysis of nine studies also 10 indicated increased performance (SMD: 1.53; 95% CI: 1.02 to 2.04: I 2 =83%) ( Figure 3 ). 11
Sub-sample analyses were carried out on the 6 MWT, a test indicative of functional exercise 12 capacity. At 3-6 months, based on five studies, an increase of 74.55 metres (95% CI: 46.9 to 13 102.2) was shown, with a heterogeneity score of 59%. From the three studies reporting 12 14 month data the increase was 184.36 metres (95% CI: 1.35 to 2.30). There was no clear 15 association between percentage weight change and percentage change in walking 16 performance pre to 12 months post bariatric surgery ( Figure 4 ). 17
Measures of musculoskeletal function were used in 10 studies. months post-surgery with a SMD of 1.51 (95% CI: 0.60 to 2.42; I 2 = 81%). Only two studies 20 examined musculoskeletal outcomes at 12 months with both showing improved outcomes 21, 24 . 21
Measures of absolute muscle strength/force/torque were reported in five studies with post-22 surgery assessment ranging from 3 to 12 months. All studies reported a reduction in absolute 23 strength post-surgery, with pooled data indicating a SMD of -1.04 (95% CI: -1.76 to -0.33), 1 and heterogeneity score of I 2 =77%. 2
Eighteen studies included self-reported physical function, 17 of which used the SF-36 5, 16, 18- 
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Physical Activity
18
Self-reported outcome measures consistently indicated increased physical activity post-surgery.
19
However, the heterogeneity of measurement tools makes comparisons between studies difficult. The
20
Leisure Time Physical Activity Questionnaire 59 was used in 3 studies, but a further 12 other tools 21 were reported across the remaining 14 studies. These provide a range of outcome data based on 22 minutes of activity 15-17, 22, 42, 46, 47 , energy expenditure 14 , points on a scale 35, 36, 45 , questionnaire specific 23 scoring 37, 49 or percentage of active participants 25, 53, 54 . Consistent use of a validated assessment tool 24 across studies would allow meaningful comparisons of physical activity behaviour in this population.
When examined by length of follow up, self-reported physical activity increased after surgery in all 1 studies at 3-6 months, and in all except one study at 12 months. However, whether self-reported 2 measures of physical activity concur with objectively measured physical activity in this population 3 has been questioned 15 .
4
In the current review, accelerometers and pedometers were utilised to obtain objective measurements 5 in seven studies. Only one of three studies demonstrated an increase in physical activity based on step 6 count from pre to 3-6 month follow up 22 , whereas all four studies showed increases at 12 months. The 
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The improvement in self-reported physical activity from pre to 3-6 months, and the general reduction 
26
Only two studies measured physical activity at both 3-6 months and 12 months post-surgery, both of 1 which used self-reported tools 46, 54 .Sjostrom et al 55 reported that the proportion of individuals that 2 were self-categorised as active increased by 37% at 3-6 months and was maintained at 12 months 3 after surgery, although we cannot tell their volume of physical activity. Vatier et al 47 
9
The most recent study included in this review focused on objective MVPA assessed by accelerometry 10 in a large sample. It suggested that 89.4% of post-surgery patients were still not sufficiently active by 11 12 months post-surgery 5 , that is they were not meeting the guidelines of ≥150 minutes of moderate 12 intensity physical activity weekly as recommended for the general adult population 60 .
Step count data 13 indicated that participants were classified as 'somewhat active'; that is, likely to be undertaking some 
1
The current meta-analyses displayed large improvements in walking outcomes at 3-6 months and even 2 greater improvements at 12 months through bariatric surgery. As previously reported, walking speed 3 slows as a result of obesity 45 . Therefore any post-operative improvements in walking speed would be 4 likely attributed to weight loss which would mean the greatest improvements occurring within 6 5 months of surgery. Walking distance improvement appeared to be similar between post-surgery 6 segments (pre to 3-6 months, 3-6 to 12 months) and functional walking distance patterns increased 7 consistently to 12 months at a greater rate than either physical activity or weight loss. This suggests 8 that walking improves as a result of weight loss, although it seems likely that physical activity is 9 required for improvement to be maintained once the rate of weight loss plateaus. However, the 12 10 month pooled result should be interpreted with caution due to high heterogeneity.
11
Objective evaluation of fitness and functional exercise capacity in this population is regularly assessed 12 by the 6 minute walk test 9 . The mean improvements in all the studies which reported the 6 minute 13 walk tests distance from pre to 3-6 months and pre to 12 months post-surgery were 75 metres and 184 14 metres respectively. A minimal clinically importance difference (MCID) for the 6 minute walk test in 15 bariatric surgery patients has not been established. However, for patients with chronic obstructive 16 pulmonary disease, a change in the range of 54 to 80 metres has been estimated as clinically 17 meaningful 62 . Based on these data, the improvement of 184 metres observed at 12 months in this 18 analysis, is likely to be of sufficient magnitude to be clinically useful in this population.
19
Large increases in musculoskeletal function were recorded at 3-6 months, which can translate into 20 mobility and strength improvements that facilitate activities of daily living. These might include 21 housework, stair climbing, hill walking, lifting and carrying heavy objects 11, 24, 47 . Previous research 22 has also found that obesity affects musculoskeletal function and movements of daily living such as 23 transitioning from sitting to standing 24, 45 . The small number of studies reporting 12 month outcomes 24 meant meta-analysis was not possible. The two studies which did report 12 month data also reported 25 3-6 month data helping the understanding of post-surgery musculoskeletal function patterns. One 26 study reported the timed 'get up and go' test which improved by 2.3 seconds by 3-6 months, and a further 0.7 seconds at 12 months 21 . This improvement is more than double the minimal detectable 1 change of 1.14 seconds reported in the literature 63 . The second study reported the short physical 2 performance battery score improvement of 1.2 points at 3-6 months and a further 0.8 points at 12 3 months 24 ; this is double the score of 1.0 which represents a substantial meaningful change 64 . Both 4 studies show the majority of improvement occurs by 3-6 months concurring with previous research 21 .
5
The current review does show that musculoskeletal function continues to improve at least up until 12 6 months post bariatric surgery.
7
With rapid weight loss, drastic fat free mass loss also occurs, typically between 33% and 50% 
11
Fat-free mass loss negatively affects resting metabolic rate, with this metabolic response occurring 12 naturally to counter weight loss 66 Positive changes in physical function outcomes and weight loss alone have been reported following 15 bariatric surgery 5, [8] [9] [10] .We therefore plotted the results of eight studies that provided data on the 6MWT 16 and weight (Figure 4) , concluding that the relationship between weight loss and walking performance 17 is still unclear. Research also suggests that physical activity is associated with greater weight loss 18 leading to improved physical function 11 , however self-reported improvements in physical function 19 from pre to post surgery as a result of weight loss alone have also been reported 69 . A clear relationship 20 between physical activity, physical function and weight loss is yet to be identified, since patterns have 21 not been directly investigated. Objective physical activity, self-reported physical function and weight 22 have been investigated in two studies 5, 49 . Similarly only two studies report objective physical function, 23 self-reported physical activity and weight 45, 47 and only one study reports weight with both objective 24 activity and function 22 . This makes it difficult to draw conclusions about the relationship between 25 post-operative outcomes, and more studies are needed that assess physical activity, physical function and weight loss so that post-operative activity guidelines can be developed to optimise individuals' 1 outcomes.
2
One way to examine the importance of physical activity after surgery for optimising physical function 
12
In conclusion, a systematic review of the evidence demonstrates that objective and self-reported 
